The heavy-fermion metal YbRh 2 Si 2 realizes a field-induced quantum critical point with multiple vanishing energy scales T N (B) and T * (B). We investigate their change with partial non-isoelectronic substitutions, chemical and hydrostatic pressure. Low-temperature electrical resistivity, specific heat and magnetic susceptibility of Yb(Rh 1−x T x ) 2 Si 2 with T=Fe or Ni for x ≤ 0.1, magnetic fields B ≤ 0.3 T (applied perpendicular to the c-axis) and hydrostatic pressure p ≤ 1.5 GPa are reported. The data allow to disentangle the combined influences of hydrostatic and chemical pressure, as well as non-isoelectronic substitution. In contrast to Ni-and Co-substitution, which enhance magnetic order, Fe-substitution acts oppositely. For x = 0.1 it also completely suppresses the T * crossover and eliminates ferromagnetic fluctuations. The pressure, magnetic field and temperature dependences of T * are incompatible with its interpretation as Kondo breakdown signature.
small to large Fermi surface at the QCP [14] [15] [16] , in agreement with the expectation for the Kondo breakdown scenario [17] . Alternatively, T * was related to spin-flip scattering of critical quasiparticles [18] or a Zeeman-driven narrow-band Lifshitz transition [19] . The latter scenario requires, however, fine-tuning of a very narrow peak in the density of states [20] .
Remarkably, T * (B) is only very weakly influenced by hydrostatic or (negative) chemical pressure, induced by partial isovalent substitutions, which enlarges or diminishes the magnetically ordered phase, leading to either B * < B c or B * > B c , respectively [8, 9] . This was ascribed to an itinerant QCP at B c in the former and a spin-liquid regime in between B c and B * in the latter case [9] . However, this interpretation relies on the assumption that B * indeed indicates a change from small to large Fermi surface volume, due to a Kondo breakdown. In fact it is surprising, that a Kondo breakdown would be so weakly influenced by pressure or (negative) chemical pressure, which tunes the balance of the Kondo to the RKKY interaction. More recently the Kondo breakdown interpretation of T * was also questioned by high-resolution ARPES. At zero-field and temperatures down to 1 K it detected a large Fermi surface [21] . However, it was argued, that this temperature is still too large to observe a small Fermi surface expected within the Kondo breakdown scenario for B < B * [22] and a similar rationale was used for the absence of a significant change of scanning tunneling spectroscopy at B * , even at 0.3 K [23] . Thus, further experimental work on the nature of T * at T < 0.3 K is badly needed.
Below, we report drastic changes of T * by partial non-isoelectronic Fe-or Ni-substitutions, which cannot be related to the effect of chemical pressure. A complete suppression of the crossover scale is found for 10% Fe-doping and this suppression correlates with the disappearence of lowtemperature FM fluctuations. Furthermore, we find for all studied single crystals, that the B * crossover widths depart from a linear T dependence and do not extrapolate to zero for T → 0.
Altogether, the results question that B * for B ⊥ c is related to a Kondo breakdown and suggest that it results from a partial polarization of fluctuating moments [10] .
Various flux grown Yb(Rh 1−x T x ) 2 Si 2 single crystals with T=Fe and Ni for x ≤ 0.1 were characterized and investigated, see supplemental material (SM) [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . The actual doping concentrations, which in some cases deviate from the starting compositions, have been determined with ∆x ∼ 0.01 precision. For low-noise alternating current electrical resistivity and magnetic susceptibility measurements down to 20 mK commercial low-temperature transformers were utilized in a dilution refrigerator. Measurements at enhanced temperatures were conducted in the PPMS and MPMS. All experiments were carried out for B ⊥ c. For hydrostatic pressure experiments up to 1.5 GPa a piston cylinder pressure cell with daphne oil as pressure medium has been utilized. The pressure has been determined with a superconducting lead manometer.
In the following, we discuss the influence of different non-isoelectronic substitutions on the low temperature properties of Yb(Rh 1−x T x ) 2 Si 2 in comparison with previous results of isoelectronic substitution (T=Co and Ir) [9] as well as hydrostatic pressure [8] . Considering the periodic 2 Si 2 single crystals, for which latter the residual resistivity is enhanced, e.g. to 10 .7µΩcm for x = 0.07 [8, 30] . Thus, for Fe-doping the observed changes of the low-energy scales reported below are not primarily caused by the effect of disorder but rather result from chemical pressure and non-isoelectronic substitution. Fig. 1 , displaying the low-temperature specific heat coefficient of various investigated single crystals, provides an overview on the tunability of the ground state by doping. The sharp peak at 75 mK for the undoped material indicates the AF phase transition [7] . Already small substitution with Fe or Ni significantly shifts the transition to lower and higher temperatures, respectively. This cannot be related to the effect of chemical pressure, which acts similarly for partial Fe, Ni and Co substitution, as evidenced by a similar evolution of the lattice constants, resistivity maximum temperature and Kondo temperature (see SM). We therefore associate the disparate change of T N with partial Fe and Ni substitution to non-isoelectronic substitution. For 5% Fe substitution, the steep upturn below 80 mK indicates an AF transition temperature around 40 mK, while C/T for 7.5% Fe follows a logarithmic divergence to lowest temperatures. For 10% Fe substitution a clear saturation of C/T below 0.3 K highlights a paramagnetic Fermi liquid (FL) ground state. This evolution is unexpected, given that (i) similar chemical pressure for Co-substitution enhances T N and (ii) the isostructural end-member YbFe 2 Si 2 orders magnetically at 0.75 K [40] . As detailed in SM, a non-monotonic evolution of the lattice constants and change of the CEF ground state wave function is expected at x (Fe) > 0.1.
The influence of Fe-or Ni-substitutions on the low-temperature magnetic susceptibility is shown in Fig. 2 . The AF phase transition for undoped and Ni-doped crystals results in sharp 0 . 1 were taken from [7] .
anomalies. The observed increase of the susceptibility upon cooling, following a χ(T ) ∼ T −0.6 divergence between 0.3 and 10 K (for undoped and 5% Ge-doped YbRh 2 Si 2 ) has previously been ascribed to FM fluctuations that compete with AF fluctuations close to T N [10, 41] . Fe-doping reduces the low-temperature susceptibility by a factor three for x = 0.1 compared to undoped, 6% Irand 7% Co-substituted YbRh 2 Si 2 [9, 10] . This indicates a drastic suppression of the Sommerfeld
Wilson ratio and thus the FM fluctuations by Fe-doping.
As detailed in SM, we fitted the magnetic susceptibility between 2 and 4 K by a Curie-Weiss . Data for x = 0 were taken from [7] .
towards ferromagnetism [43, 46] ). By contrast, Fe-substitution strongly enhances the negative Θ W in accordance with a suppression of the FM fluctuations.
Next, we investigate the evolution of the T * (B) crossover with doping. To determine T * (B),
we utilize χ(T ) (see SM) and the isothermal magnetoresistance. Similar as previously done for The red line indicates a linear temperature dependence and is drawn identically to [16] . Ni-doping enhances B * , the latter is reduced by Fe-doping (cf. the shift of the arrows with increasing Fe substitution in Fig. 3(a) ). In addition, also the size of the negative magnetoresistance contribution is drastically reduced. For 10% Fe substitution, the anomaly associated with B * has completely disappeared and a featureless positive magnetoresistance behavior is found. crossover. Clearly for all our studied systems the FWHM is above the red line below 0.1 K.
Extrapolation to a zero crossover width at T = 0 is thus invalid. A similar trend is visible in most data sets from [16] for x = 0 (see SM) and for Yb(Rh 0.93 Co 0.07 ) 2 Si 2 [44] , where the deviation is found at temperatures below T N . Most importantly, we observe deviation from a linear Tdependence also for systems in which B * does not cross a magnetic phase boundary. One may argue that disorder introduced by chemical substitution leads to an extrinsic additional temperature independent offset to the FWHM. However, we do not even see an increase of the FWHM with tenfold increasing residual resistivity for the systems shown in Fig. 3(b) .
To disentangle the combined effect of chemical pressure and charge carrier doping on T * (B) in Yb(Rh 1−x Fe x ) 2 Si 2 , we also performed hydrostatic pressure experiments on x = 0.07 and x = 0.1 single crystals. We selected these two concentrations, because the former still shows a tiny crossover signature, while it is fully suppressed for the latter. As discussed above, for undoped YbRh 2 Si 2 as well as partial isoelectronic Co and Ir substitution, the T * (B) scale is almost insensitive of pressure [8, 9] . As shown in Fig. 4(a) , the same holds true for the 7% Fe-doped case.
The crossover field B * at 0.2 K shifts only very weakly towards smaller values for pressures up to 0.88 GPa. On the other hand, hydrostatic pressure of this size leads to a rapid stabilization of magnetic order. This is evident from a clear dip in the temperature derivative of the electrical resistivity dρ/dT at T N , shown in the inset of sample is located on the paramagnetic side of the QCP (cf. Fig. 1 ), shows T 2 behavior in zerofield ρ(T ) (see SM) and also the T * (B) crossover is completely suppressed and instead a positive magnetoresistance is found (Fig. 3) . Since x = 0.1 is so close to x = 0.085 for which T * was still observed, we were interested, whether pressure can recover the crossover for x = 0.1. However, even up to the maximal pressure of 1.37 GPa (see SM and Fig. 4(b) ), magnetoresistance remains positive and the T * crossover remains absent. Such pressure has strong influence on undoped YbRh 2 Si 2 or on the x = 0.07 sample. Therefore, the balance between Kondo and RKKY interaction must significantly be modified by 1.37 GPa. Since this system is so close to the concentration at which the T * crossover has been suppressed, it is therefore fully unexpected within the Kondo breakdown scenario, that such significant pressure is unable to recover the change of the Fermi surface volume. Thus, these data seem incompatible with the notion that T * indicates a Kondo breakdown. Rather than depending on pressure or chemical pressure, T * appears to be highly sensitive to Fe-or Ni-doping.
Another import observation is, that the size of the magnetoresistance crossover disappears before the crossover field B * approaches zero (see SM). Thus, this anomaly is a field-induced effect. The zero-field temperature-pressure/doping plane has no T * signature, in contrast to the general expectation for local quantum criticality, where a Kondo breakdown should also occur in the absence of a magnetic field [17] .
While the FM fluctuations are rather robust under positive or negative chemical pressure, Fedoping leads to a suppression of FM fluctuations (cf. Fig. 2 ), which coincides with the complete disappearance of the T * crossover. This crossover thus marks a field-induced partial polarization of moments [10] , indicated by an inflection point of the entropy S (B) at T * [12] , which naturally explains the negative magnetoresistance. Below, we provide information on single crystal growth and characterization, electrical resistivity, heat capacity and magnetic susceptibility, magnetoresistance, electrical resistivity measurements under hydrostatic pressure, the T* crossover for fields parallel to the c-axis and the temperature dependence of the FWHM.
Single crystal growth and characterization
All studied single crystals were grown from In flux at temperatures between 1500 and 1000°C as described earlier [6] and characterized by powder XRD and microprobe EDX [S1] . For the latter, the crystals were polished on naturally grown ab planes, resulting in stripy surfaces as shown in Fig. S1 . High precision EDX analysis confirmed homogeneous compositions. EDX on a nominally 5% Fe-doped single crystal, revealed that the Fe content can be determined with 1at-% accuracy. For Ni substituted crystals, also wavelength dispersive X-ray spectroscopy and laser ablation inductively coupled plasma mass spectrometry was utilized [S2] . Within the resolution of these techniques, all crystals are single phase. Actual doping concentrations have been determined with precision of x=0.01. Fe-K Rh-L MM110504Aa(7)_pt1 +/-0.96 +/-0.89 MM110504Aa(7)_pt2 +/-0.52 +/-0.91 MM110504Aa(7)_pt3 +/-1.00 +/-0.92 MM110504Aa(7)_pt4 +/-0.53 +/-0.92 The following two tables provide an overview on the physical properties of all Fe-and Ni-substituted crystals, studied in this work [S1-S3] . Here, Tmax, has been determined from electrical resistivity, TK from the magnetic entropy, W from magnetic susceptibility measurements between 2 and 4 K and TN from electrical resistivity and specific heat measurements. Respective data for Co-and Ir-substitutions can be found in [S4-S6,9] . "-": not measured. Interestingly, the c-parameter for Yb(Rh0.9Fe0.1)2Si2 is already smaller than in pure YbFe2Si2 [S7-S9] . This implies a non-monotonic c(x)-dependence for x>0.1. There are further indications for drastic changes beyond x=0.1: magnetic order must reappear, since pure YbFe2Si2 orders below 0.75 K [30] and the ground-state crystal electric field wave function must change from 7 in YbRh2Si2 [S10] to 6 in YbFe2Si2 [30] . The smooth evolution of the low-temperature magnetic susceptibility and the lattice parameters up to x=0.1 indicate, that these changes appear beyond x=0.1. 
Electrical resistivity

Specific heat
Low-temperature specific heat measurements of various Fe-and Ni-substituted systems are shown in Fig. 1 of the main manuscript. The Kondo temperature TK=2·T(S=0.5 Rlog2), derived from magnetic entropy is listed in the tables above and shown in Fig. S4 . Here we use a value of 25 K for undoped YbRh2Si2 [S11] . The decrease of TK(x) is in accordance with effect of chemical pressure and resembles the behavior found for Yb(Rh1-xCox)2Si2 [S6] . This also indicates, that the disparate dependence of TN(x), which decreases for Fe-substitution but increases for Co-and Ni-substitution is related to the effect of non-isoelectronic substitution, i.e., hole-doping in Yb(Rh1-xFex)2Si2. 
Magnetic susceptibility
A similar difference between Fe-and Co or Ni substitution is also found in the Curie-Weiss temperature, obtained by fitting the low-temperature (2-4 K) in-plane magnetic susceptibility. As shown in AC-susceptibility measurements were performed in a homemade coil setup [S4] . Thermal coupling was achieved by glued silver wires. The ac-susceptibility was detected at a frequency near 100 Hz. Its real part represents the differential susceptibility dM/dB. To obtain SI units, the ac-susceptibility data were scaled at a temperature of 1.8 K to respective M/B data determined in a SQUID magnetometer, similar as done previously [6] . Fig. S6 displays data on two differently doped single crystals. Similar as found in previously in undoped YbRh2Si2 [10] , the maxima in (T) at different fields follow T*(B).
Magnetoresistance
Fig. S7 displays magnetoresistance data on various studied single crystals. We analyzed all magnetoresistance data by the empirical crossover function from Ref. [14] . The Yb(Rh1-xFex)2Si2 system with x=0.085 is the last one, for which the crossover could be detected, since it is absent for x=0.1. 14 main text). Note, the good description of the data by the fit, which still allows an accurate determination of the crossover field B* as well as crossover full width at half maximum (FWHM). The comparison of data at 15 and 30 mK evidences, that there is no proportionality of the FWHM with temperature, but rather a saturation of the latter as T→0.
The left part of Fig. S9 compares B*(T) for different Fe-substitutions. A systematic shift towards smaller fields is found. However, even for x=0.085, for which the size of the crossover is almost suppressed, B*(T=0) still amounts to 0.025 T. The x=0.1 system is paramagnetic and displays a Fermi liquid ground state (Fig. S9 right) . Crossover field B* (blue squares) and size of magnetoresistance crossover as /0, determined by fitting with the crossover function from [14] , vs x for various Yb(Rh1-xFex)2Si2 systems. Note, that B* does not approach zero field before the crossover vanishes. Fig. S10 , displays the evolution of the crossover field B* as well as the relative size /0 of the magnetoresistance crossover (determined from the fit with the empirical crossover function [14] ) as function of x for Yb(Rh1-xFex)2Si2. Importantly, the magnetoresistance crossover disappears (i.e. the size extrapolates to zero) while the crossover field B* remains finite. This proves that the crossover is a fieldinduced effect and does not appear without applied field. Note, that by contrast Ni-substitution enhances the relative size of the crossover (cf. Fig. S9 ).
Electrical resistivity measurements under hydrostatic pressure We first discuss Yb(Rh0.925Fe0.075)2Si2, cf. Fig. S11 . The resistivity maximum shifts with increasing pressure to lower values. Below 1 K, (T) displays characteristic anomalies associated with the onset of magnetic order. As shown in the inset of Fig. 5 in the main part of the manuscript, TN has been determined from a dip in the temperature derivative of the electrical resistivity [S13] , similar as done previously for Cosubstituted YbRh2Si2, cf. Fig. S13 [S14]. Note, that these values agree with TN from ac-susceptibility [S3] .
On the other hand, B* for Co-doped YbRh2Si2 has been determined from isothermal magnetoresistance for T>TN. For T<TN (cf. Fig. S13 left) , the inflection point of the magnetoresistance follows the AF phase boundary and B* cannot any more be determined from magnetoresistance [S14] . Here the T*(B) crossover was determined inside the AF state from ac-susceptibility measurements [9] .
A full set of magnetoresistance data for the highest applied pressure on Yb(Rh0.925Fe0.075)2Si2 is shown in Fig. S12 left. The symbols indicate the inflection points. The right panel shows a comparison of the normalized magnetoresistance crossover for various pressures at a temperature of 200 mK. We now turn to the hydrostatic pressure effect on Yb(Rh0.9Fe0.1)2Si2 [S13] . Fig. S14 displays zero-field electrical resistivity data at various pressures. The left panel indices the shift of the resistivity maximum with pressure, while the right panel shows the data below 1 K at various pressures. The triangles mark the temperatures TFL, below which Fermi liquid behavior T 2 is observed. With increasing pressure, TFL shifts towards zero but the maximal pressure is too small to suppress the Fermi liquid ground state.
Finally, we show the pressure dependence of the isothermal magnetoresistance of Yb(Rh0.9Fe0.1)2Si2 in the left panel of Fig. S15 . An increase of the electrical resistance with field is found, which is even enlarged with hydrostatic pressure. Even at elevated temperatures (right panel) no negative magnetoresistance is found. Thus, the T* anomaly is completely absent in Yb(Rh0.9Fe0.1)2Si2. 
T* crossover for fields parallel to the c-axis
In our study, the magnetic field has always been applied perpendicular to the c-axis, i.e., within the easy magnetic plane (ab). As shown in [16] , the T* crossover from magnetoresistance perpendicular to the caxis perfectly agrees with that from crossed-field Hall measurements. In the latter case, the Hall effect was induced by a small field along the c-axis (hard axis) and an in-plane field parallel to the applied current was used to tune the ground state from AF to paramagnetic at low temperatures. T* for fields along the c-axis (hard axis) has only been studied in single-field Hall measurements. Here, the slope of the Hall voltage was analyzed. The resulting T*(B) perfectly agrees with that determined for B perpendicular c, of the magnetic anisotropy factor 11 is used to scale the field axis. This suggests, that the T*(B) crossover determined for both field orientations has similar origin, although the role of ferromagnetic correlations for B//c is unclear, because yet there exist no reliable low-temperature magnetization measurements along the hard axis.
Temperature dependence of the FWHM
In [15] the isothermal magnetoresistance for fields perpendicular to the c-axis was only analyzed above 100 mK, since below an additional maximum appeared, related to the AF phase boundary, which disturbed the analysis. Ref. [16] reported a more detailed study of the temperature dependence of the FWHM (Fig. S16) . Here, magnetoresistance of sample 1 does not show this feature at the AF phase boundary. Nevertheless, the derived FWHM (crosses in Fig. S16e) clearly deviates from the linear dependence (red line), expected within the Kondo breakdown scenario.
In fact, all previous FWHM data points below 40 mK deviate from the red line (see Fig. S16b ), with the exception of the two open circles (note in the magnified plot b, that the lower error bar of the lowest circle infers with a small axis tick, looking like a plus symbol below the red line, however, this is not a true data point). These two open circles were determined from single-field Hall measurements on sample 2.
